
Introduction

Renal artery stenoses (RAS) are in less than 5 % of
cases the cause of arterial hypertension; but in these pa-
tients angioplasty or vascular surgery may cure RAS-in-
duced hypertension or avoid the need for hemodialysis.
Today the method of choice for the detection of RAS is

arterial digital subtraction angiography (DSA). Because
of the potential risks of invasive DSA it is necessary to
search for a noninvasive or less invasive method for de-
tecting RAS with a high diagnostic accuracy. Intrave-
nous DSA and radionuclide scintigraphy have shown in-
sufficient degrees of sensitivity [1, 2] and color-coded
duplex sonography depicted in several examination pro-
tocols a great range of accuracy rates [3±6].

The introduction of spiral CT has made continuous
data acquisition possible in a large patient volume dur-
ing a single-breath hold. It is therefore possible to visu-
alize vascular structures on the transverse images and
also to reconstruct secondary images, such as shaded-
surface display (SSD), maximum intensity projections
(MIP), and multiplanar reformatting of the vascular sys-
tem [7±10]. Previous studies have reported a high mor-
phological correlation between the findings of spiral
CT angiography (CTA) and DSA, especially for renal
arteries [11±18]. Other previous studies have described
the optimal CTA parameters and the optimal method
of image analysis for detecting arterial stenoses, with a
high correlation between the real and measured degree
of stenosis [10, 19, 20].

The purpose of this prospective study was to evaluate
the accuracy of the CTA in the depiction of RAS in
comparison with DSA using our examination and eval-
uation protocol.

Patients and methods

Patients

To date the renal arteries of 147 patients (71 women,
76 men) have been examined by CTA. In one patient a
transplanted kidney was examined. In 82 patients we
were able to correlate the results of CTA and DSA. All
patients had a history of arterial hypertension and were
suspected to have a renal artery stenosis by their attend-
ing physician. The mean age of the patients was
51.5 years (range 21±76 years). In all cases the first diag-
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Abstract. A prospective study was carried out to de-
termine the accuracy of spiral CT angiography
(CTA) in the detection of renal artery stenosis
(RAS). Eighty-two patients with arterial hyperten-
sion underwent CTA and digital subtraction angio-
graphy (DSA) to exclude RAS. For CTA a contrast
medium bolus of 100±150 ml (flow rate 3 ml/s) was in-
jected. A 24 or 40 s CTA was started at the origin of
the superior mesenteric artery after a delay time de-
termined by test bolus injection (collimation = 2 mm,
pitch = 1/1.5). For stenosis detection transverse im-
ages supported by maximum intensity projections
(MIP) or multiplanar reconstruction projections
were used. Of 197 renal arteries examined (including
33 accessory arteries), 34 RAS were visualized using
DSA. With CTA, one hemodynamic RAS was missed
and one additional hemodynamic RAS was found.
Sensitivity/specificity was calculated to be 94%/
98%. For hemodynamically relevant RAS (> 50%)
the sensitivity/specificity was 96%/99%. CTA addi-
tionally depicted five adrenal masses. The high accu-
racy rate of RAS detection thus allows the use of
CTA as a screening method in patients with arterial
hypertension to exclude a renovascular cause.
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nostic imaging was CTA; initially every patient also un-
derwent DSA. With increasing CTA experience DSA
was performed only in patients with renal artery steno-
sis.

Arterial DSA

DSA (Angiodiagnost 3, Philips, Eindhoven, The Neth-
erlands) was performed by positioning a 5 Fr pigtail
catheter just above the renal arteries using a femoral ap-
proach. Contrast medium (30 ml of iopromide, 300 mg
I/ml; Ultravist 300, Schering, Berlin, Germany) was
then injected at a rate of 15 ml/s. Images (2 per second)
were obtained in frontal, 15� right and left anterior
oblique projections with a field of view of 36 cm. In
cases of inadequate visualization of the renal arteries ±
such as results from overlapping of the superior mesen-
teric artery or inadequate view of the ostium ± selective
renal angiography was performed using a 5 Fr cobra ca-
theter. The total volume of injected contrast agent var-
ied between 95 ml and 170 ml.

Spiral CT

At first the CTA was performed using a Somatom plus
(SP) scanner (n = 32), which has since been replaced by
a Somatom plus 4 (SP4) scanner (both scanners by Sie-
mens, Erlangen, Germany) (n = 115). The maximum
continuous scanning time of the SP/SP4 is 24/40 s; the
tube rotation time is 1/0.75 s. The precontrast examina-
tions (collimation 5 mm; pitch 1; reconstruction interval
5 mm) were always started at the top of the first lumbar
vertebra covering the kidneys. In these scans the ostium
of the superior mesenteric artery ± the starting point of
the following CTA ± was visualized as well as the adre-
nal glands in order to exclude a mass.

Transit time determination. After locating the renal ar-
teries, 10 ml contrast agent (iopromide, 300 mg I/ml; Ul-
travist 300, Schering, Berlin, Germany) was manually
injected as a fast bolus into a brachial vein. After a delay
of 15 s a dynamic sequence of scans (1 s interscan delay,
no table incrementation) was started at the level of the
renal arteries. The time the contrast medium requires
to travel from the brachial vein to the abdominal aorta
was estimated as the time interval between the begin-
ning of the injection and the maximum contrast en-
hancement of the aorta. This transit time was then in-
creased by 5 s because, from our previous experience
with CTA, maximum contrast enhancement will be
reached later after injecting a larger volume of contrast
agent.

Spiral CT angiography. Spiral CT was started at the ori-
gin of the superior mesenteric artery. Between 100 and
150 ml contrast agent (iopromide, 300 mg I/ml; Ultra-
vist 300, Schering, Berlin, Germany) was injected using
an automatic injector (flow rate 3 ml/s). A collimation
of 2 mm, a table speed of 2 mm/s (SP scanner) or

3 mm/s (SP4 scanner) and a reconstruction interval of
1 mm were chosen. The data acquisition of the SP scan-
ner is limited to 24 s. That means that it is limited to an
evaluable spiral CT length of 44 mm. The spiral CT
length of the SP4 scanner was extended to the iliac arter-
ies. A tube voltage of 120 kV and a tube current of at
least 165 mA were chosen in both scanners [19]. During
data acquisition patients were asked to hold a deep
breath. In all cases CTA was performed first.

Data analysis. At first transverse images were calculated
with an interval of 1 mm using the standard algorithm in
the SP scanner (360� linear interpolation algorithm) or
the kernel AB40 in the SP4 scanner (180� linear interpo-
lation algorithm) [19]. For the evaluation of the renal ar-
teries the transverse images were supported by second-
ary image reconstructions such as shaded-surface dis-
play (SSD) on the SP scanner and maximum intensity
projections (MIP) on the SP4 scanner. In cases of exten-
sive arterial wall calcification additional multiplanar re-
formatted pictures (MRP) were calculated.

For calculation of the SSD a gradient-shaded sur-
face-rendering algorithm integrated in both scanners
was used. Before image reconstruction all bone and or-
gan structures that did not belong to the kidneys or their
vascular system were edited from the cross-sectional
images. The appropriate threshold level (110 up to
220 HU) depended on the degree of contrast enhance-
ment in the arteries. In this method all structures with
densities above the selected threshold level were visu-
alized on the three-dimensional images, such as the con-
trast-enhanced arteries and the mural calcifications. For
the evaluation of the renal arteries, the visualization of
the anatomic SSD in different unrestricted views was
calculated.

Before generating MIP reconstructions the cross-sec-
tional images were also edited to remove osseous struc-
tures that could obscure contrast material. In MIP re-
constructions, unlike SSD, it is possible to differentiate
between vascular lumen perfused with contrast agent
and mural calcifications. For the evaluation of the renal
arteries, images in postero-anterior, left and right ante-
rior oblique and cephalocaudal views were created.
MIP reconstructions were used, in each case examined
with the SP4 scanner, for the visualization of RAS and
the anatomy. An advantage of MIP reconstructions in
comparison with assessment of the transverse images is
the easy visualization of craniocaudal-directed stenoses.
This rendering technique was not available on the SP
scanner.

Multiplanar reformatted images were calculated with
interactively defined linear cut lines following the vas-
cular structures. The two-dimensional MRP also allows
the differentation between perfused vascular lumen
and vascular wall calcifications. MRP were used to de-
tect RAS in calcified renal arteries.

Image analysis. For the detection of RAS the transverse
sections were first evaluated. Using the SP scanner SSD
supported the analysis in all cases. MRP was used only
in patients with excesive arterial wall calcifications.
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Using the SP4 scanner, MIP were reconstructed in all
patients. MRP were also calculated in patients with ar-
terial wall calcifications for the assessment of the renal
arteries. The analysis included an evaluation of the
main renal branches and the accessory arteries. The ste-
noses were graded using a five-point scale: grade 0,
< 30% stenosis; grade 1, 30±49% stenosis; grade 2,
50±69 % stenosis; grade 3, 70±99 % stenosis; grade 4, oc-
clusion. In patients with RAS arterial wall calcifications,
atheromatous deposits in the adjoining aorta or the
presence of an aortic aneurysm were noted. Criteria for
an optimal CTA of the renal arteries are: (1) continuous
contrast enhancement of more than 200 HU in the aorta
during the whole data acquisition period and (2) a con-
tinuous breath-hold by the patient. If the contrast en-
hancement in the aorta was less than 100 HU the exam-
ination was unacceptable.

A comparative analysis of the two kidneys and the
adrenal glands in relation to their size and degree of
contrast enhancement was also performed. The average
time for creating image recontructions and for film in-
terpretation was 25±35 min.

CTA and DSA were analyzed separately. The CTA
reading was done by one observer (CTA experience:
4 years) and the DSA analysis was performed by a dif-
ferent examiner (10 years' experience). The DSA exam-
iner was only informed about the number of the renal
arteries seen in CTA before the angiography.

Statistical analysis

The sensitivity and specificity of the results of CTA were
calculated in comparison with those of DSA after grad-
ing.

Results

In 82 patients 197 renal arteries were visualized includ-
ing 33 accessory renal arteries (ARA). Thirty of the
33 ARA were shown by CTA and 31 were diagnosed
by DSA. In one case the accessory artery was missed be-
cause of the short spiral CT length of the SP scanner. In
two cases small ARA running behind the inferior vena
cava were overlooked. Two ARA were not visualized
by DSA in the standard projections because the origin
was located just in front of or behind the ostium of the
main renal artery; they were interpreted as an early bi-
furcation. After viewing the CTA results, additional
DSA projections, e. g., caudocranial oblique, confirmed
the CTA results. In addition to the renal artery visual-
ization, CTA also showed adrenal masses in five pa-
tients. In one of the 147 patients the contrast enhance-
ment was below 100 HU, in 32 patients it was
150±200 HU and in 114 patients above 200 HU during
the entire scan time.

A degree of stenosis of more than 30% was describ-
ed in 35 renal arteries by CTA and in 34 renal arteries
by DSA (Table 1). The stenoses were located in the cen-
tral and peripheral areas of the renal arteries (Fig. 1). In

three cases the stenoses were overestimated by CTA; in
two of these the estimated degree of stenosis was less
than 50% and in one case less than 70%. In two cases
mural calcification was seen. In these patients DSA
had shown only stenoses of less than 30 %.

In two patients the stenoses were underestimated by
CTA. In one of these cases a stenosis of less than 50%
was assessed as a stenosis of less than 30%. With CTA
(SP scanner) a high-grade stenosis was overlooked; this
stenosis was caused by compression of the renal artery
by a small perfused aneurysm (Fig. 2). In this case the
false interpretation of the lumen was done using trans-
verse images and three-dimensional SSD. The aneu-
rysm was diagnosed by DSA. After DSA, MRP images
were reconstructed. In these images the stenosis could
be depicted. In the SP scanner the MIP software was
not integrated, and therefore we cannot determine
whether it would have been possible to visualize this ste-
nosis in MIP reconstructions. This false negative result
was at an early stage of our CTA experience and led to
a change in the evaluation protocol.

In our study population a sensitivity of 94.1 %, a spe-
cificity of 98.2% and an accuracy of 97.5 % were calcu-
lated for the detection of RAS using CTA. If only hemo-
dynamically relevant stenoses (i. e., stenosis > 50%)
were evaluated, the sensitivity was 95.8 %, the specifici-
ty 99.4 % and the accuracy 98.9%. We noticed no differ-
ence between the two scanners as regards RAS visual-
ization, except for the detection of ARA dependent
upon the possible CTA length.

Discussion

It is important to detect hemodynamically relevant
RAS because of the possibility of treatment for patients
with arterial hypertension due to renal artery stenosis,
and to prevent renal endstage disease with percuta-
neous transluminal angioplasty or vascular surgery. To-
day, the standard for depicting RAS is invasive DSA.
Because of its potential risks and the low prevalence of
RAS, DSA is not suitable as a screening method. Other
examinations, such as captopril scintigraphy and intra-
venous DSA, have shown inadequate sensitivity or spe-
cificity [1, 2]. Color-coded duplex sonography (CCDS),
when used on its own, visualized RAS with a sensitivity
of 17 % and a specificity of 89 % [3]. Further reports de-
scribed an increased sensitivity and specificity of up to
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Table 1. Comparison of the results of digital subtraction angiogra-
phy (DSA) with those of spiral CT angiography (CTA) of 197 renal
arteries in 82 patients

CTA DSA

0±29% 30±49 % 50±69 % 70±99 % 100%

0±29 % 160 1 1
30±49 % 2 9
50±69 % 1 1
70±99 % 20

100% 2



98% when indirect signs of stenoses are used, e. g., the
resistive index [4±6]. Problems with CCDS are ARA,
meteorism, the patient's configuration and cooperation.
Experience with magnetic resonance angiography has
also shown good results in the detection of RAS, with a
sensitivity of up to 100% and a specificity of up to
95% [21±24] in the detection of ARA. Previous CTA
studies have demonstrated a high morphological corre-
lation with the DSA findings for the visualization of vas-
cular alterations, especially those of the renal arteries.
In these studies the sensitivity for the detection of RAS
varied between 59 % and 100 % and the specificity be-
tween 82 % and 98 % depending upon the examination
and the evaluation protocols. The best results are ob-
tained by choosing a collimation of 2 or 3 mm and a ta-
ble speed of 2±3 mm/s [11±18].

Technical aspects. In vitro studies demonstrated a coher-
ence of the depiction of vascular stenoses and CTA
parameters such as collimation, table speed, reconstruc-
tion interval and tube current [19, 20]. In both studies
the choice of a slice thickness of 2 mm, a maximum pitch
of 2 and a reconstruction interval of 1 mm is recom-

mended for the examination of RAS with an expected
renal artery diameter between 1 mm and 6 mm. To
achieve an acceptable signal-to-noise ratio it is recom-
mended that the tube current is maximized [19]. But
the potential tube current is limited by the tube efficien-
cy and is therefore also dependent upon the CTA length
and the collimation chosen. For the visualization of
most ARA (about 90%) it is necessary to cover a dis-
tance of about 90 mm of the abdominal aorta, suggest-
ing a segment from 20 mm cranial up to 70 mm caudal
of the main renal arteries [25]. With the SP scanner we
missed one ARA because of the short CTA length.
Using the SP4 scanner, covering the distance from the
superior mesenteric artery to the iliac arteries, all ARA
were visualized, including those that originated in the
distal aorta or common iliac artery (n = 6). Unfortu-
nately, two small right-sided ARA, running behind the
inferior vena cava for a long distance, were depicted
only at the second look. Beregi et al. [17] reported that
they missed seven of 32 ARA because of the short
CTA length. Other authors have described that they vi-
sualized all ARA, but in some cases the CTA length
was prolonged by a second scan, or an increased colli-
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a

b

c

Fig.1a±c. A 60-year-old man with a history of arterial hyperten-
sion. a The axial images visualize an accessory artery and a high-
grade eccentric proximal stenosis of the right main renal artery.
b The maximum intensity projection shows a proximal pseudo-oc-
clusion of the right main renal artery. The accessory artery is only
partly represented. On the left side an early bifurcation of the renal
artery is shown. c Digital subtraction angiography (DSA) demon-
strates the high-grade eccentric stenosis of the main renal artery
and the accessory artery on the right side. DSA also confirms the
early bifurcation on the left side



mation or an increased table speed was used in patients
in whom ARA were suspected [11, 14].

Image quality depends on the contrast enhancement
of the renal arteries achieved during the complete scan
time. For optimal imaging of the renal arteries data ac-
quisition should begin as soon as contrast enhancement
is adequate at the starting point of the CTA, to avoid
overlapping of the renal veins. Therefore the transit
time has to be determined for each patient individually.
During the whole period of data acquisition homoge-
neous contrast enhancement is necessary. Using an auto-
matic injector with a flow rate of 3 ml/s and a volume of
100±150 ml contrast medium (300 mg I/ml), the opacifi-
cation was sufficient in 81 of 82 patients. Only in one pa-
tient was the contrast enhancement unacceptable (below
100 HU), requiring the examination to be repeated. In
our opinion, a high contrast enhancement (> 200 HU) is
necessary only for optimal secondary image reconstruc-
tions, e. g., MIP or SSD, not for the assessment of the im-
portant transverse images. In other reports the volume of
contrast agent used varied between 90 and 150 ml and
the flow rate varied from 3 to 5 ml/s [11±18].

Stenosis detection. In agreement with previous studies,
transverse images are best suited for stenosis detection
and assessment of the degree of stenosis. They must be
supported, especially in patients with mural calcifica-
tions, with MRP and MIP reconstructions. MIP recon-
structions should be used because of the similar impres-
sion when compared with DSA and the ability to differ-
entiate between perfused arterial lumen and vascular
wall calcification. In these cases the SSD technique is
not helpful because all structures with a higher density
than the chosen threshold are visualized on the recon-
structed images and therefore the stenosis assessment
is inaccurate. Rubin et al. [14] found that the degree of
stenosis in such cases is underestimated using SSD;
they also stated that in comparison with DSA the accu-
racy of the SSD is lower than the accuracy of the MIP
reconstructions. Their results also demonstrated that
the detection and grading of RAS only by secondary im-
age reconstructions is unacceptable.

Another advantage of CTA is the visualization of the
surrounding structures such as thrombotic deposits, aor-
tic aneurysms or the adrenal glands. In our study, five
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d

Fig.2a±d. A 34-year-old woman with suspected renal artery steno-
sis. a The axial images show a perfused aneurysm (arrow) of the
peripheral left renal artery. A lumen narrowing can only be sup-
posed. b The shaded-surface display (SSD) demonstrates an aneu-
rysm of the left renal artery. Using other view directions detection
of the stenosis was also not possible. c The multiplanar reformation
(MRP) shows a high-grade stenosis of the renal artery by compres-
sion conditional on the aneurysm. d DSA visualizes the high-grade
stenosis of the renal artery and the small aneurysm



adrenal masses were diagnosed; Beregi et al. [17] re-
ported that the arterial hypertension in two of his pa-
tients was caused by Conn's syndrome. The information
on thrombotic deposits, aneurysms and wall calcifica-
tion may be helpful in deciding whether a radiological
or a vascular surgical intervention is preferred. Until
now this report has only mentioned the advantages of
CTA, but it also has some limitations. One problem
with CTA is the visualization of stenoses located in the
intrarenal areas of segmental arteries or interlobar ar-
teries. This is still an indication for intra-arterial DSA.

In conclusion, we can say that the less invasive CTA
is able to visualize hemodynamically relevant RAS
with an accuracy as high as that of DSA. Because of
these results, and the low prevalence of RAS, CTA can
be recommended as a screening method in patients
with arterial hypertension in order to exclude a renovas-
cular cause, with a lower risk than invasive DSA. From
the results of with previous studies, we can state that
special attention has to be paid to the examination and
to the evaluation protocol. We recommend a collima-
tion of 2 mm with a maximum pitch of 1.5 for data ac-
quisition. Image analysis should be performed using
transverse images, generally supported by MIP; and in
cases with excesive arterial wall calcifications by addi-
tional MRP image reconstructions.
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